We present 10W single-mode fiber laser based on Nd +3 fiber operating at 1428nm. All-solid fused silica microstructured waveguide fiber design is employed to suppress amplification at 1μm. The Nd +3 fiber is pumped by commercial multi-mode 880nm diode.
INTRODUCTION
There has been significant interest recently in developing compact and efficient fiber laser sources operating around 1.4µm wavelength [1] [2] [3] . Such laser sources can be used in many applications, including telecommunications, medical, bioscience, material processing, metrology, spectroscopy, etc. 1.4µm laser wavelength is considered to be eye-safer similar to 1.55µm. Water absorption at 1.4µm is significantly higher than at 1.55µm [4] . Modern optical fibers can have very low optical losses at 1.4µm similar to 1.55µm [5] .
Raman fiber lasers [1] [2] and Bismuth fiber lasers [3] at 1.4µm have been have been developed recently. However performance of such laser sources falls short compared to closest competitor Er-doped fiber lasers. Developing Nd-doped fused silica fiber lasers operating at 1.4µm as a viable alternative has been proven possible recently [6] [7] [8] . This work builds upon a prior scheme in which a double-clad Nd 3+ doped fiber with a distributed filtering mechanism incorporated into the microstructured waveguide was pumped at either 808nm or 880nm resulting in all-fiber amplification of 1.4µm signal [6, 7] . In addition Nd 3+ fiber laser tunable from 1382nm to 1462nm has been demonstrated [8] . Here we demonstrate power scalability of Nd 3+ doped fiber lasers at 1.4µm to >10W.
EXPERIMENTAL SETUP AND RESULTS
The fiber laser is assembled in the Master Oscillator Power Fiber Amplifier (MOPFA) configuration. A schematic of the system is shown in Figure 1 . 100mW single-mode laser diode at 1428nm is used as a seed source for 3-stage Nd fiber amplifier chain. The seed laser is amplified to 250mW by a 2-stage single-mode Eband Nd fiber amplifier [7] . The output signal from the 2-stage amplifier is free-space coupled into the final high power fiber amplifier stage. The Nd fiber in the final power amplifier has a 21µm diameter Nd-doped core guiding the 1.4µm signal and a 185µm 0.4NA all-solid fused silica cladding coated with low-index polymer.
We employ the stack-and-draw fabrication technique to create all-solid microsctructured waveguide. The waveguide design suppresses the strongest transition 4 F3/2 to 4 I9/2 in Nd 3+ doped fiber core at 1.06µm [9] . Fiber picture and calculated fiber core loss are shown in Figure 2 . Pumping at 880nm limits inversion and effectively gives preference to 4 F3/2 to 4 I13/2 transition at 1.4µm over 4 F3/2 to 4 I9/2 transition at 0.9µm.
The fiber is counter-pumped into the cladding with commercial 100W 880nm laser diode through freespace coupling using Dichroic 0.8µm / 1.4µm mirrors. A 200m fiber length is used for >90% single-pass pump absorption. The fiber ends are angle-cleaved at 8deg to suppress feedback to the fiber amplifier cavity. The laser test results are shown in Figure 3 . Laser output increases linearly with coupled pump up to 10.2W at the highest point. The output power was limited by available pump in the experiment. Relatively low laser slope efficiency of 13% in this experiment is due to excessive 100dB/km fiber background loss and very long fiber used in the experiment. We believe the excessive loss comes from contaminants introduced during the stack-and-draw fabrication process. We have developed an improved preform cleaning and cleanroomassembly process that has been shown to greatly reduce losses in other fibers. Future iterations of the fiber reported upon here will incorporate this new process and should have significantly reduced background loss leading to improved efficiency and higher powers. Fiber length can also be reduced significantly through increasing Nd-doping concentration and fiber core-to-clad ratio. Both are subject of a future work. Figure 3 also shows the output spectrum at 100mW and 10W outputs. There is amplified spontaneous emission (ASE) around 1.4um coming along with the 1428nm signal. It comes from the seed diode and is amplified further through the 3-stage fiber amplifier chain. It is worth noting broad >50nm ASE bandwidth at 1.4um. It is centered at around 1410nm where Nd fiber amplifier develops the highest gain. Wavelength, nm 1.06um ASE remained heavily suppressed. ASE at 0.9um is experiencing significant gain however remains suppressed >23dB below the 1428nm signal. 
CONCLUSION
Our approach to distributed spectral filtering has enabled power scalability of Nd 3+ doped fiber lasers at 1.4µm to >10W. Nd fiber with 21µm core and 185µm 0.4NA all-solid fused silica cladding demonstrated in this work is suitable for further power scaling of both CW and pulsed laser signals. Reducing the fiber background loss and increasing Nd 3+ doping concentration are the keys for achieving that. We believe Nddoped fiber lasers operating at 1.4µm can match and even exceed the performance of Er-doped fiber lasers.
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